Non-prescription ophthalmic pharmaceutical agents for the prevention or relief of eye irritations in swimming by Matson, James N et al.
Pacific University 
CommonKnowledge 
College of Optometry Theses, Dissertations and Capstone Projects 
3-1977 
Non-prescription ophthalmic pharmaceutical agents for the 
prevention or relief of eye irritations in swimming 
James N. Matson 
Pacific University 
Clarence Y. Murata 
Pacific University 
Michael K.H. Wong 
Pacific University 
Recommended Citation 
Matson, James N.; Murata, Clarence Y.; and Wong, Michael K.H., "Non-prescription ophthalmic 
pharmaceutical agents for the prevention or relief of eye irritations in swimming" (1977). College of 
Optometry. 460. 
https://commons.pacificu.edu/opt/460 
This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at 
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of 
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu. 
Non-prescription ophthalmic pharmaceutical agents for the prevention or relief of 
eye irritations in swimming 
Abstract 
Non-prescription ophthalmic pharmaceutical agents for the prevention or relief of eye irritations in 
swimming 
Degree Type 
Thesis 
Degree Name 
Master of Science in Vision Science 
Committee Chair 
Diane P. Yolton 
Subject Categories 
Optometry 
This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/460 
Copyright and terms of use 
If you have downloaded this document directly from the web or from CommonKnowledge, see 
the “Rights” section on the previous page for the terms of use. 
If you have received this document through an interlibrary loan/document delivery service, the 
following terms of use apply: 
Copyright in this work is held by the author(s). You may download or print any portion of this 
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.). 
Except for personal or fair use, you or your borrowing library may not reproduce, remix, 
republish, post, transmit, or distribute this document, or any portion thereof, without the 
permission of the copyright owner. [Note: If this document is licensed under a Creative 
Commons license (see “Rights” on the previous page) which allows broader usage rights, your 
use is governed by the terms of that license.] 
Inquiries regarding further use of these materials should be addressed to: CommonKnowledge 
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209. 
Email inquiries may be directed to:.copyright@pacificu.edu 
NON- P R ES C R I PT I ON OPH THALM I C  PHARMAC EUTI CAL AGENTS 
FOR THE  P R EVENT I ON OR R EL I EF O F  
E Y E  I R R I TATI ONS I N  SW IMM I NG 
A T H ES IS 
P R ES E NT ED T O  T H E  FACULTY 
OF 
PAC I F I C  U N I VERS IT Y  
BY 
JAMES N .  MATSON 
C LA R E NC E Y .  MURATA 
M I CH AEL K .H .  W ONG 
I N  PART IAL  FUL F I LLMENT 
OF  T H E  R EQU I R EMENT FOR TH E D EG R E E  
DOCTOR OF  OPTOMET R Y  
MAR CH 1977 
ADV ISOR 
I . (] I . 
11. Cl tl.l..1 f l . t}-l-t-f. IV 
tl 
' '  r-1· : 
i 1: r r. I 
' f l 11 
. : ' I 
i � ' 
. I 
j l 
' '  
q 
t 
Accepted by t he facu l ty of t he Col l eg e of Optometry, 
Pacific Univers i ty ,  i n  part ia l ful fi l l ment of t he 
requirements fo r the  Doctor of Optometry degree . 
T hes is Adv isor  
Cha i rman of Thes is 
! 
i 
r 
.; 
.; ' 
·J ' 
i i � 
ACK NOWLEDGEMENT S 
Th e autho rs ex tend the i r a ppreciatio n and gratitud e to Or . Diane Yo l ton  
fo r h e r  gu id a nc e  and enco u ragement  in  co nducti ng thi s  research . Fu rthermo re ,  
w e  wi sh to tha nk Dr . Joy Hirsch for her genero u s  h e l p wi th th e stati stic al  
eva l uatio n o f  o ur data . 
We owe a debt o f  gratitude to Mrs . Marcia Henry fo r her  effo rts o n  the 
com puter  l iterature search o f  prev io u s  research i n  thi s a rea . 
We tha nk th e Orego n  Optometric Assoc i atio n fo r co ntri buting  a s hare of 
the f u nd s  req uired to co nduc t the study . 
We a l so expres s  o u r  d eepest a pprec i atio n to Mr . Pa u l  Waterstreet a nd 
th e members of the Fo rest Grov e AAU sw i m  team and th e i r parent s wi tho ut 
who se support this study cou ld not have been u nd ert ak e n . 
Fi na l l y, w e  wi s h  to ex pres s  our  tha nk s  to Rode ric Gi l li l an, 0 .0 ., who 
bro u g ht t he pro bl em to o u r  attent io n a nd had a great i n sigh t  i nto its  
po s si b l e f uture app l ication s. 
J . N . M .  
C . Y . M. 
M .K . H . W .  
t1 t1 � l l l 
I 1. l' l l 
i 
j 
i'j i J 1·1 r1 :.1 ti 'l f i I i q 1 1 1l i j I! Ii i � ,. 
\J 
l l 1 1 I • 
-TABLE  OF C ONTENTS 
PAGE 
I ntroduction . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 1 
Purpose . . . . . . . . . . . . .  T' • • • •  _ .  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 
Materi a l s  . . . . . . • , .  , . . . . . . . . . . . . . . • . . . . . . . ; ,, . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Sel ect i o n  of Agents . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Su bj ect Sel ecti on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . , . . . . . 3 
Experimental  De si gn  . . . . . . . . . . . . . . . . . . . . . . . . . ,,, ,, .. . . . . . . . ... . . . . . . .. . . .  4 
Ta b l e  I - Case  Hi story F o rm . . . . . . . . . • . . . . . . . • . . . . . . • . . . . . • . . . . . . . . . . 5 
Ta bl e I I  - Record i ng F o rm .... . .... ..... . ........ . . .. ..... . . .. . . . .. . . . 
T a bl e  I I I  - Coac hes Quest i o nna i re . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . .  
Re s u l t s  . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
D i scu s s i on 
Conc l us i on • • • • • • • • • • • • • • e e • • I • • • • • • • • • • I • • • Ii • • • • • • I> • • e • • " • • • • • • • • • • • 
Appendi x A - Data Summa ry F o rm . . ...... . . ...... ... . . . .. . ... .. . . .. . . . . 
Appendi x B - Means of  Adsorbotea r 
Appendi x C - Graph o f  Adsorbotea r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Append i x D - Means of Bl i nx • • I e e •I • e e • fl • e • • • • • • • I• • e • • • • • • e • • "" • • • • ' • • • 
Appendi x  E - Graph of B li nx 
Append i x  F - Means of C ontrol 
Appe nd i x  G - Graph of C ontrol 
Appendix  H 
Appendi x I 
Append i x  J 
Means of Lacri- Lu be 
Graph of Lacri - Lu be 
Means of  Prefri n  
Append i x  K - Graph of Prefr i n 
Append i x  L - Means of Sal i ne 
Append i x  M - Graph of Sa line 
• • • • • • • • • • • • + • • • • • • • • • • e • • • • • • • • • I • e • 9' • 
!I' !f • e • • • • .. • • • • • • • • • • • • • • "" • • I • • • • • • • • • I • • • 
7 
8 
1 3  
1 7  
19 
20 
2 1  
22  
23 
24 
25  
26  
27  
28 
29  
30 
3 1  
3 2  
i i 
' � 'j 
'i l 
:.l l ii 
:J ;J 
q 
:J j 
1 
J l "i ! 
·] 
I 
;� 
I 
P AGE  
Appendi x N - Mean Difference Scores of Redness  . • . . . . . . . . . . . . . . . . . . . . . .  33 
Appendi x  0 - Mea n  Difference Scores of  S u bj ective Symptoms . • • • . . . . . . . .  34 
Appendix  P - Analysi s of Vari ance for Redness  ... ... ... . . . . ........... . 35  
Appendi x  Q - Ana lysi s  of  Vari ance for Su bj ecti ve Symptoms . . ..... ..... . 3 6  r; b � 
Appendi x  R - Stati stics on Redness  . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . • . . .  37  i 
Appendi x  S - Stati stic s  on  Su bj ecti v e  Symptoms . . . . . . .. .... ... . .. .... . . 38 1 1! il 
Bi bliography . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . 
,, 
3 9  11 • I 
� 
� � 1·1 
1 • J Ii ti . ! ll j� 
l � 
� jj ., . I '' 
•l "i 
: ! ,, 
I � ' .j 11 . I 'I 
I n troduct ion  
There have been frequent  repo rts by swi mmers tha t they exp eri enc e  eye 
i rr i tatio ns a fter p eriod s of comp et i tive o r  rec rea t io nal swi mmi ng in 
ch l o ri na ted poo l s .  Roderic Gi l li la n , 0 . D. ,  who p ractices  i n  Eugene, O rego n, 
sta te s  tha t he  rece ived va r io u s  comp lai nts rega rd i ng eye i rr i ta t ions  due 
to swimmi ng from ma ny of  hi s pa t i ents . 1 The p resence  of these  i rri tations  
were a l so suppo rted by Mrs . Do rothy Kim , Fo re s t  Grov e High School swi m coach 
a nd M r .  Pa u l  Waterstreet , Amateur A thlet ic Unio n (AAU ) swim coach at Fo rest  
Grove .  
Ryland e r ,  V ic tori n , a nd So rensen sta te tha t. '' Eye irr i ta tion a fte r 
swi mmi ng  i n  ch lo r i nated swimmi ng-poo l wa ter i s  a wel l -k nown ph enomenon. 1 1  
In their experiment, they were t rying  to see if th e sa line  co ncentra tio n o f  
swi mmi n g -poo l wa ter wa s o f  impo rtanc e i n  th e p revention o f  eye i rritation  
( they did no t def i ne "eye irritat ion" ) . I n  the co nc l ud i ng remark s o f  their 
a rtic l e ,  Ryla nder, V ic tor i n, a nd So rensen i nd icate a po s si b i lity of  reduci ng 
eye i rr i ta tio ns due to swinmi ng-poo l water expo s u re by add i ng 0 . 7% Na C l  to 
the wa ter a nd by swimmi ng  i n  i t  fo r l es s  than  30 minutes at a t ime . 2 
Mood , C l a rk e ,  and Gel p er i n d ivid ed eye i rritat ions  i nto o bjective and 
subjec tive o bserva t ions  in  the i r  s tudy .  The o bjec t ive  o bservat ions  i nc l uded: 
est i ma ting  the number of blood vessel s v i s i bl e  over th e wh i te of the eye, th e 
degree o f  red ness  o f  the co nju nc tiva o f  th e l ower eye l id s , the degree o f  
ro u gh ness  d u e  to the fo ll ic l e s  i n  the eye l id co nj u nc t iva, a nd the degree  
o f  d i ffu se i nj ec tion o f  the eye resu l ti ng from capil la ry dil a tat ion . The 
i rri ta t ions  i nc l uded i n  the su bj ec t ive respo nses were: sens i tiv i ty to ligh t, 
sti ngi ng o r  smarti ng o f  the eye , tear i ng or  wa teri ng , bl urred visio n, 
app earanc e  o f  rai nbows o r  c i rcles  a ro u nd so urc e s  o f  l i gh t, a nd di fficu l ty i n  
k eeping  the eyes  op en . 3 
r 
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They fo und subjective eye i rritation s to re su l t  from av ai l a ble ch lorin e 
over 0. 7 mg c12;1 and a l so fo und a high e r  freq u ency of s ubj ec tive eye 
irrita tion s when the pH w a s  lowered f rom 8 . 0 to 7 . 0 .  Howev e r , th eir o bj ective 
eye examin ation s showed no co rre l ation with ch lorine concent ra tion o r  pH . 
In their conc l u sion, Mood , C l a rk e, and Ge l perin said , "Swimmin g poo l water 
is a fo reign environmen t  to th e eye and upon ex po sure to it  th e eye unde rgoes 
physio logic a l  chan g es tha t  may give ri se to irri tation of th e eye . 113 
In view of the above , are there oth e r  eye i rri tation s ?  A re they 
preva l en t  amon g competi tiv e swimmers who practice lon ger  than 30 min utes 
per d ay? Can relief and/or  prev en tion be o btained by the u se of c ertain 
over -the-co un ter o phth a l mic agen t s ?  The s e  are some of question s facin g a l l 
tho se  concern ed . 
Purpo se 
The purpose  of thi s study is 1) to d efin e  wh at  type of eye irri tation s 
occ ur after swimming 2) to see  how prev a l en t  these  irritation s are amon g 
competitive swimmers 3 )  to determine if there are  any non- prescription 
o ph tha l mic pha rmaceutic al  agen ts which wi l l  rel i ev e  and/o r preven t  eye 
irritation s 4) to determin e wh eth er there i s  a need for addi tiona l  research 
in thi s area . 
M a teri a l s 
Ad so r bo tea r ( Bu rton- Parson s )  
Blinx ( B arnes-Hind s) 
Lac ri -L u be (A l l ergan ) 
Pref rin (A l l ergan ) 
No rma l sa lin e  so l u tion u sed by Sof l en s  wearers ( Ba u sch and Lomb) 
Dro pper bo ttl es  
A u toc l av e  
I-
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S e l ecti on of Ag ents 
The availab l e  agents were categorized i nto  l ub rica nt, eye wash, 
dec ongestant, and a rti ficia l tears . From this l ist, a represen ta tive a gen t 
was chosen from each category, ca re b ei ng ta ken to  elimi nate any d u plicati ons 
rega rding primary i ng redi ents . 
Normal sali ne was ch osen to  determine p laceb o  effects . 
Ads orbotea r: Ads orb obase polyviny l pyr roliaone 1 . 67% with Bu rton­
Pa rsons water-so l ub l e  polymers and 44% hyd roxyethy l ce l l u l ose  as a viscosity 
agent i n  a buf fered is otoni c  solution . Thimeros o l  ( Li l ly )  .002% a nd disodium  
edeta te 0.05% are the p rese rva tiv es . 
B li nx: Bo ric acid and sodium borate  with pheny l mercu ric acetate  .004% 
as a pres ervative 
Prefri n: Pheny l e ph rine  H C l  0.12%, Liq ui film ( polyviny l a l cohol)  1.4%, 
wi th antipy rine  0. 1% and b enza l koni um ch l orid e l :25,000 i n  a b u ffered 
is otonic so l uti o n . 
La cri-Lube: Whi te petrol eum, minera l  oi l,  non-ionic lanolin deriva tives, 
and ch l orobuta nol 0.5%. 
No i ns tillation of  d rops s erved as the cont rol . 
Subj ect Se l ectio n 
Th e subj ect g roup c onsis ted of  27 v o l u nta ry AAU swimmers . They ranged 
from 6 to 21 y ea rs of a g e  wi th an av erage age  of 9 yea rs . Fourteen were ma l es 
and thi rteen were  fema l es .  
Th e crit eria used for s ubject s el ec ti on w ere that 1) no ch ronic or 
present  oc ular symptoms w ere to be s ee n  or  reported 2) no eye medica tions 
L 
L -4-
w ere  being tak en d u r ing  the study 3) no al l erg i es w ith ocul ar  e ffects 
were to be pr esent 4) no gogg l e s  were to be used th rougho ut th e st udy 
5 )  no medical pro bl ems were to be pr esent , and 6) a l l s u bjec t s  w ere 
to pa s s  the pre l i min ary extern a l  and intern al examinat ion of the eyes  
( T a bl e I) . 
Exper i menta l  De s ign 
Th i s  study w a s  cond ucted at the Fo re st Grove Commun ity Sw i mming Pool . 
B ein g a s ingl e b lind study, the subject s d id not know wh ich dro ps  had 
been admin i ster ed . To e sta bli sh a basel ine  a s  to the n ature  and con s i st ency 
o f  the compl a int s ,  the d rops  admin i stered at each sess ion w ere  p icked ran­
dom l y  f rom th e s ix po s s i b i l i t i es o f  no agent (con tro l ), sa l ine solut ion, 
Ad sorbotear, Bl inx, Lacr i l ube, and Prefrin . Th i s  w a s  done by d e s i gn ing  a 
flow ch art so th at the exper i men ters cou ld conduct the study in an o rgan ized 
ro ut in e .  
� 
! 
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TA BLE  I 
C a se H i story F orm for Su bj ects 
Name Date 
Address A ge 
Occ u pat i on Sex 
Ocu l a r  Symptoms ( Natu re. onset , dura t i o n ) :  Conj unctiv i t i s  H ordeola 
Pa i n  Bur n i ng I tc h i ng  Teari ng  A c h i ng Swel l i ng D i scharge 
Styes Dizzynes s Spots H a l os G lare Red nes s  Di p l op i a 
P hotophobi a 
Genera l  Symptoms ( Nature , onset , durat i on ) :  Drugs  F ocal  I nfect i on s  
A l cohol N i c ot i n e  
A ny med i cati ons taken present ly?  I f  s o , how much and w hy? 
A ny a l l erg ies?  
A ny med i cal  pro bl ems ? 
L a s t  med i ca l  exam? 
Do you experi ence any eye i rr i tati ons or d i scomfort a fter sw i mmi ng?  I f  so , 
w ha t  k i nd of i rr i ta t i on i s  i t  a nd how l ong  do  they last?  What do  you do  
to  rel i eve them? 
If you wea r  gogg l es w hi l e  sw i mmi ng. a re you w i l l i ng to go w i thout t hem 
throughout the s tudy? 
Do you wear contact l enses or  any correct i on ( spectac l es ) ?  
I f  you w ear contact l enses, do  you experi ence a ny i rr i tat i on s  w i th t hem? 
Do you have any probl ems i n  w ear i ng contact l enses  r i ght  after sw immi ng?  
H ow often do you sw i m  per  day and how l on g  a re you i n  t he w ater per sw i m? 
S l i t  l amp o bserva t i ons: 
Ophtha l moscopy : 
-6-
The da ta was col l ected whenever p ossib l e between 4: 00 p .m .  and 
6:30 p .m .  imm edia tely af ter the pra ctice  sessi on . The s u bjectiv e comp laints 
of eye irrita tio ns a nd an o bj ec tiv e eva l uati on of the d egr ee of eye r ed ness 
( conjunctiva l inj ec ti on ) wer e recorded bef ore ins ti l lin g the a g en ts . The 
d egr ee of eye r edness was assess ed using co l or photographs as a comparis on 
to keep th e jud gements consis ten t  among the exp erim en ters . 
Each oph tha lmi c  agen t  was administered by one of the exp erim enters and 
af ter 5 to 15  min u tes, the s u bj ectiv e r espons es and the objective 
m easurement  of amount of redness to the diff er ent agen ts wer e recorded . 
( Tab l e II ) .  
La cri-Lub e, bein g a v ery viscous l u brica nt, was a lso used in the eyes 
bef ore swimmin g to  determin e if i t  cou ld  prevent s om e  or a l l of th e eye 
irrita tions. Th e sa line s o l u ti on again serv ed as a p la cebo in this 
pre-swim appli ca ti on . 
T o  determin e the pr eva l e nc e  of th e pro bl em a nd the need f or additi ona l 
r esear ch in this area, a q u esti onnair e was sent  to vari ous swim c oa ch es 
(Tabl e I I I). 
The avera g e  p H  and ch l ori ne  concentrati on was a ls o  noted to d etermin e 
whether th ese fa ctors c ou ld have inf l u enced the da ta . 
-7-
TABLE II  
Recordi ng Form for  Swi mmers  
N ame: 
Date : 
Drug U sed : 
1. Wa s t here red ness  of the  eyes  af ter swi mmi ng? 
N one Li tt l e Medi um Very much 
Was t here a ny i tch i ng a fter swi mmi ng? 
N one L i tt l e Med i um Very much 
Was th ere a ny burni ng a fter swi mmi ng? 
N o ne Li tt l e Med i um Very much 
Was  t here any st i ngi ng after  swimm i ng? 
N one Li ttl e Medi um Very much 
D i d  your eye s hurt a fter swi mmi ng? 
N o  Li ttl e Med i um Very much 
I f  you ex per i enced o ther eye i rri tat i on s , what d i d  i t  feel l ik e ?  
2 .  When you put i n  th e d rug, d i d  any rel i ef occur? Yes N o  
I f  so, whe n  d i d  th e rel i ef occur? Wi th i n  1 5  mi n .  Wi th i n  30 mi n .  
W i th i n  l hr . W i t h i n 2 hr. 
I f  the drugs  d i d  not h el p , wh en d i d  t he i rr i tat i ons  d i sappea r? 
Wi th i n  15 mi n .  Wi th i n 30 mi n .  W i t h i n 1 hr . W i th i n  2 hrs . 
After 2 hrs . 
3. What k i nd of  rel i ef d i d  th e d rug prov i de? 
L i tt l e rel i ef Med i um rel i ef Mu c h  rel i ef 
T he dru g hel ped reduc e :  Redness Burn i ng I tc h i ng St i ng i ng 
Hu rt i ng Oth er i rr i tat i ons  
4. Wa s t here a ny d i scomfort cau sed by th e d rug  i t se l f? 
N o  d i scomfort L i tt l e  d i s comfort Med i um d i scomfort Muc h d i scomfort 
5 .  Approx imate l engt h  of t i me i n  pool : �h r. 2 hrs or  greater l · h r .  l �  hr . 
6. Can  you see just  a s  wel l  a fter  you swim a s  befo re you swi m? 
Yes N o  
! L I 
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TABLE  I I I  
l 1 C oac hes Quest i onnaire 
L. 
1. From your past  experi ences, hav e  you encou ntered compl ai nts regar d i ng 
ey e irri tations after swimming?  Y es No 
2. If y es ,  p l eas e  cir c l e the appropria te comp l a i nts: 
B l urr ed v isi on H a l os around l i g hts Red ey es Itchi ng 
S ti ngi ng Bur ni ng Dry ness of eyes Excess ive  tear i ng 
3 .  How many swimmers do  you pr esently coach? 
Other 
4. W hat  number or % of t hese swimmers comp l a i n  or ex hi bit  any si g ns of eye 
irri tat i ons after or duri ng swimmi ng?  
a) How many or what % of t hes e swimmers have : ( Count eac h complai nt 
i ndiv i dua  11 y) 
B l urr ed v isi on ---
Ha l os ar ound lights ---
Red ey es ---
I tch i ng ---
S ti ng i ng ---
Bur n i ng 
---Dryness of eyes ---
Excess ive  teari ng ---
b) H ow ma ny or what% of these  swi mmers re l i ev e  t he eye irr i ta tions 
with : 
Gogg l es 
Eye dr op_s_(�p�l-eas e  list) 
Other ( p l ease l ist) ---
c) Do t hes e irr i tati ons i nterfer e  wi t h  t h e  swimmers' dai l y  activi ti es 
li ke s c hoo l  wor k ,  dr ivi ng etc. ? Yes No 
5 .  Do you feel t ha t  eye irritat i ons r educe t he performance of your swi mmers ? 
Y es No  
6. Do you feel  t hat reduced vis i on fr om irr i tat i ons affect the  performance 
of your swimmers ? Y es No 
7 .  Wha t is t he av erage  p H  of your swi m  poo l ? 
8 .  W hat is the average  c h l or i ne content of your pool ? 
9. H ow l ong and how many times per day do  t he swimmers pract i ce ?  
10. Do you feel  t hat ther e  is a s er i ous e nough  pr ob l em to warrant additiona l  
r esearch  on t his s u bject ? Y es No 
1 1  . Comments 
-9-
Da ta Ana l y si s  
Eye sen sati on s  exp er i en ced by each subj ect af ter swimmin g w ere divid ed 
in to f our ca tegories: 
1 )  Degree of redness  bef ore in sti l la t i on of a gent 
2) Degree of redne s s  af ter in st i l la t i on 
3) Degree of s u bj ective comp la ints  ( bu rnin g, i tc h in g, stin gin g and 
pain) 
4) Amoun t of re l i ef of s u bj ectiv e comp l aints  af ter in sti l la ti on 
For  the p u rp ose of analy si s, p o int  val ue s  w er e  a s si gned to  th e degrees 
of redn ess  and s u bj ec tive comp la in t s  o bserv ed immediately af ter sw i mmin g 
( Fi g . 1). Burn in g, st in g in g, i tchin g, and pain w e re col l ectiv ely  label ed 
a s  th e subjective  comp la in ts . 
Redne s s  
Non e  1 
Li ttl e 2 
Medium 3 
S ev e re 4 
Fi gure l 
S u bj ective Comp lain ts  
2 
3 
4 
Af ter  an e lap s ed time of 5 to 15 min u tes, t he degree of redness  wa s 
again a s ses s ed a ccording to th e point va l ue sy stem stated a bov e . An entry wa s 
a l so mad e pertainin g to the  amount of rel i ef obta in ed u sin g th e p oint va l ue 
sy stem in Fi gure 2. 
No Rel i ef 
Li tt1e  Re1 i ef 
M ed ium  Rel i ef 
Muc h Rel i ef 
- 1 0-
F i gure 2 
2 
3 
4 
A summary was  tabu l ated for eac h su bject u nder pr e- and po st-drop  
cond i t i ons of  every agent i nc lud i ng sa l i ne and t he contro l  ( Appendix A ) . 
T he tota l poi nts  accumu l ated i n  eac h  of  the four c ategories w ere su mmed 
and their mean s were c a lcu l ated and gr aphed ( Append ix B--M). T he mean 
amount of re1 i ef a fter treatment was t hen su btracted from the mean degree 
of su bj ec tive c omp l a i nts before treatment . Th i s  same procedure w a s  per formed 
betw een degree of red ness  a fter i nst i 1 l at i on and degr ee of redness  before 
i nsti l l at i on. T h i s yi e l ded "mean di f ferenc e  scor e s "  for eac h  agent 
( Append ix N,O) . I n  order that genera l  trends c ou 1 d  be postu l ated , a bar 
gra p h  w a s  construc ted u s i ng the mean and standard dev i ation of  t he "mea n 
d i fference  scor es" for the a gents (Fi g .  3, 4). 
Ana l ys i s  of  t he bar gr aphs of  the amou nt o f  rel i ef obta i ned u s i ng t he 
v ar i ou s  agents ( F i g .  3, 4) su ggested t he fo l l ow i n g trend s  w h ic h  were v eri fi ed 
u sing  stati stic a l  tec hn iques ( Append ix P , Q , R , S ) . 
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Fir:;ure 3 
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Results 
The subjects reported the following eye irritations: redness, burning, 
itching, stinging, hurting, halos around lights, blurred vision, excessive 
tearing, dryness and warmth or coolness of the eyes. The primary irritations 
found among the subjects in this study were redness, itching, burning, 
stinging, and hurting. Thus, these were the only symptoms which were 
quantitatively assessed in the analysis. 
The agents used (Adsorbotear, Blinx, Lacri-Lube, Prefrin, and saline) 
reduced the subjective symptoms significantly as compared to the control 
(T-test, T=4.80). Also, the agents were equally effective in providing 
relief of the subjective symptoms (Analysis of variance, F=0.792). 
Postulating from the bar graph that Adsorbotear, Blinx, control, 
Lacri-Lube and saline had insigificant effects upon redness, an analysis of 
variance was performed to verify this hypothesis. The F-value obtained was 
18.23 (F.95= 2.49), which indicated that one or more of the five conditions 
above were significantly superior or inferior in affecting redness. To 
determine which of these conditions affected the variance, t-tests were 
performed between each agent and the control. The results were: 
t t.05 
Adsorbotear compared to control 0.082 1 .  711 
Blinx compared to control 1.323 l. 711 
Lacri-Lube compared to control 2.200 1. 717 
Saline compared to control 0.607 l .  717 
Based on the bar graph (Fig. 3 & 4) and the above results, it can be 
presumed that Lacri-Lube increased redness significantly as compared to the 
control. 
L 
' 
. I 
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Prefrin was found effective in reducing the redness resulting from 
swimming (T-test, t = 3.16). 
Data suggested that Prefrin actually caused discomfort upon instillation 
(Fig. 5). AT-test (t = 4.37) confirmed that the discomfort of Prefrin 
upon instillation differed from Adsorbotear, Blinx, and saline. Lacri-Lube 
was not included in this comparison since it was not considered to be similar 
in viscosity. 
A survey of 55 AAU swim coaches (23 of whom replied) indicated that 
eye irritations after swimming have been a common problem (Fig. 6). They 
reported the same type of eye irritations as those encountered in the 
study. 
l 
! J 
1 
I 
� 
l - Su bject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
13  
14  
1 5  
1 6  
1 7  
1 8  
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Fi gure 5 
Di scom fort Upon I ns t i l l a t i on 
Mean D i scomfort of  Ad sor botear , 
B l i nx & S a l i ne 
1. 1 4 
2 . 37 5 
2 . 625 
2.40 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
2 . 00 
2 . 00 
2 . 00 
1 . 62  
2.33  
1 . 40 
1 . 4 3  
1 . 0 9  
1 .89  
1 . 07 
Mean D i s comfort 
of Prefr i n  
4 . 00 
3 . 33 
4 . 00 
4 . 00 
4.00 
3 . 00 
1.00 
1 . 50 
3 . 00  
1 . 50 
3 . 00 
3 . 00 
2.50 
2 . 33 
3 . 50 
1 . 667 
1 . 333  
1 . 00 
I 
L 
I 
L 
L 
L 
l.  
2. 
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F i gure 6 
Results from Coaches Qu est i onna ire 
Fr om your pas t  exper i ences, have  you enc ountered comp l a in ts r egard ing 
eye irrita t i ons af ter sw i mming? lam� Yes 
Compla ints enc oun tered in t he p ast by the sw i m  coaches: 
35% Blurred v isua l  acu i ty 
74% Halos 
87% Red eyes 
35% Itc hin g 
65% S t ing ing 
83�� Burn ing 
8% Dryness 
52% Excess ive  tear in g  
3. Tota l  numb er of sw i mmers curren t l y  un der the 23 coac hes: 
1451 
4. Mean of the p ercentage o f  sw immers compl a in ing  of  eye irr i t at i ons: 
25. 33;; 
4a . Percentage of c oaches w hos e sw i mmers have  the  fol l ow ing  comp l a ints: 
22% B lurred v is i on 
43% Ha l os around l i gh ts 
52% Red eyes 
17% I tch ing  
22% S t in g ing  
39% Burn ing  
9% Dryness of  eyes 
26% Excess iv e tearing 
4 b .  Percentage of coac hes whose sw i mmers us e one of the fol l ow in g  to re l i ev e  
eye irr i tati ons: 
5. 
6. 
7. 
8. 
9. 
l 0. 
96% G oggl es 
l n; Eye drops 
0% Others 
Do you feel th a t  eye irr i tat i ons reduc e th e p er formance of your sw i mmers? 
78% Yes 22% tl o 
D o  you fee l t ha t  r educed vis i on from irr i tat i ons affec t  the  per formance 
of your sw i mmers? 
62% Yes 38% No 
Av erage pH of the  sw i m  pools : 
7.56 
Average chlor ine  c onten t  of the  sw i m  p ool s: 
0.75 p.p . m . 
Average t ime spent  in the pool  from th e survey was 3 hours/day . 
Do you fe el that  th ere 1·s a s er1· h b ous enoug pro l em to warrant add i t iona l research on t h is subject? 65% Yes 
r l ,, -
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Discussion  
Eye irri ta tions fou nd a fter swimming are redness , bu rning , itching , 
s ti ngi ng ,  hu rti ng , ha l os arou nd lig hts , blu rred vision , excessive teari ng , 
dryness , and wa rmth  or  cool ness of the  eyes . This coi ncides wit h  the 
irri tations found by Mood , Cl a rke, and Ge lperi n . 3 
R esearch i n  t he use o f  non-p resc rip tion  op htha l mic p harmaceu ti ca l 
agents for t he relief of thes e  eye irri tations associated wit h  swimming hav e  
been extremely l imi ted . T his s tudy s howed t hat  rel ief  can  be o bt ai ned by 
the use of  su c h  a gents. 
I t  was demonstrated that  a l l of t he agents were superior t o  the control  
( no drops ) in  re lievi ng the su bjective symp toms . I nc luded wi t h  Adsorbotear ,  
B li nx , Lacri-Lu be , and Prefrin was t he p l acebo , sa line , whi c h  was found to  
be equa l l y  effective in  redu cing t he su bjective symptoms . T his cou l d  be 
i nterp reted as a "p l ace bo e ffecC . On t he other  hand , t he ques tion  of  
whether  s a li ne is a tru e  p l acebo must be  ask ed , as evidenced i n  t he s tu dy 
by Ryl ander , Vic tori n  and Sorensen . 2 
T here \"J ere i n frequent reports by severa 1 su bjects t hat the a gents 
had a transient effec t i n  redu ci ng the  su bj ective compl ai nts . On t hese 
occasions , the sympt oms reappeared after one to  two hou rs . T his wou l d  su gges t  
additional researc h needs t o  b e  done i n  t he use of  repeatedcbs ages over time . 
R esul ts s howed t hat  Prefrin reduced redness signi ficant l y  better than 
any other agent. T his wou l d  be exp ected since  Prefri n  is a deconges tant 
contai ning a symp a t homimetic, p henyl eph ri ne .  I t  may be assumed t ha t  ot her 
decongestants wou l d  redu ce red ness to a simi l ar degree , thou gh a p roportiona l  
discomfort fa ctor wou l d  a lso  be predi cted. The  s ti n ging sens ation  causi ng t he 
-18-
discomfort is pr esuma b l y  due to t he acidic pH  of phenyl ephri ne hydroc h l oride . 
T he i ncr ease i n  r edness wi t h  t he us e of Lacri - Lu be was frequent l y  ass ocia ted 
wi t h  comp lai nts of bur n i ng i n  t hree su bj ec ts , and a l l su bj ects repor ted 
b lurr i ness of v isi on per haps du e to i ts viscosity . 
The pH and c h l or i ne c onc entra t i on was not a contr i buti ng fac tor i n  t he 
rel i a bi l i ty of the resu l ts ,  due to the  ra ndom sel ection of agents as sta ted 
in t he exper i menta l  desi g n . 
Sufficient da ta on the effec ts of Lacri- Lu be i nsti l l ed before swimmi ng  
cou l d  not be obtai ned du e to the t im e  cours e of this study . Howev er , it  is 
fel t t hat  the met hod of adm i n ister i ng a non-prescri pti on ophtha l mic agent before 
swimming  is a defi n i te avenue  for addi ti ona l research .  
Des i gning  a dou b l e- bli nd format i nstead of a si ngl e- bli nd format may 
l end addit i ona l r e lia bi l i ty to fu tur e stud i es of t h is nature .  T his is due 
to possi b l e  res earc hers• biasi ng of o bs erva ti ons. Als o ,  the age  of the  
su bj ec ts s hou l d  be m ore  serious l y  cons i der ed . Al t hou g h  t he ent husiasm a nd 
coop eration of the su bj ects i n  t h is stu dy was exc el l ent , o l der su bj ec ts may 
pr ovide more c onsis tent data because of t heir i ncreas ed knowl edge a nd 
exp erience. 
The su bjects i n  th is study r epor ted 77% of  t he time tha t  t her e  wer e 
no s i g ni fica nt c hanges i n  v isi on a fter swimmi ng. The c oaches survey ( Fi g .  6) 
s hows t ha t  blurr ed visi o n  after swimm i ng was encou ntered 35% of  t he time. 
R esp onses to t he qu estionna ire ( Fig. 6 )  a ls o  s howed that gogg l es are 
current ly  the primary met hod of mi nimiz i ng a ny eye irr i tat i ons r esu l t i ng from 
swimmi ng . On l y  four c oac hes repor ted the  use of ophtha l mic agents to a l l ev iate 
eye irr i tati ons. T her e was a genera l consensus t hat  t hese irri ta t i ons can 
i nter fere wi t h  the  swimmers• da i l y activ i t i es a nd can reduce their  p er formanc e .  
- 19-
Fi na l l y ,  653 of the c o aches who rep lied f e l t that  eye irritations ass oci a ted 
with  swimmi ng is a s eri ous enough p robl em to warrant additional  res earc h .  
I n  vi ew of the r es u l ts ,  the prosp ec t of addi tional  researc h  for  exis ti ng 
agents or th e devel opment of one whic h i ncorpora tes bot h eff ec tiveness and 
comfort is very e ncour a ging . 
Conc l usion 
Adsorbotea r ,  B li nx ,  Lacri - Lu be ,  Prefri n and s a li ne p rovi ded relief 
of bur ni ng, i tchi ng , s ti nging, and p ai n. They were eq ua l l y  eff ective ,  no 
one being  superi or t o  a not her . Lacri -Lu be was found to i ncrease red ness , 
but P refri n was effective i n  reduci ng the redness resu l ting f rom swimmi ng. 
H owever , the h igh d egr ee of discomfort upo n  i ns ti l l ation of P ref ri n m ust 
be  c onsidered i n  determi ni ng i ts tr ue efficacy . 
L 
L 
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APPEND IX A 
Data Summary 
Dru g: 
Before I ns ti l lation  of  Drops 
I tc hi ng 
- = 
x 
Burni ng Stinging 
5- 15 Mi nu tes After I ns ti l la tion of Drops 
Am ou nt  of Re lief of Symptoms 
- = 
x 
Su bject: 
Pai n 
Degr ee of 
Redness 
- = 
x 
Degree of  
Redness 
- = 
x 
! !J 
I 
I i 
1. 
2. 
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
1 1. 
1 2 . 
1 3. 
1 4 .  
1 5. 
1 6 .  
1 7 . 
18 . 
1 9 . 
2 0 .  
2 1 . 
22. 
23. 
24 . 
25 . 
26 . 
27 . 
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APPEND IX B 
Mea ns of Adsorb otea r 
Su bjec t i ve Symptoms R edness 
Discomfort R el i ef Redness Before R ed n ess After 
2.00 2. 2 5  3 . 00 1 . 2 5  
l . 00 1 . 3 3  2.00 1 .00 
2 . 58 1 . 33 2 . 33 1 .00 
1 . 50 3.00 1 . 66 1 . 33  
2 . 25 3 . 40 2 . 33 1 . 50 
l . 58 2.00 1.66 1 . 00  
l .  25  2. 50 1 . 50  1 . 00  
2. 66 2. 38 2.50  1 . 25 
2 . 30 1.33  1 . 50  l .  33 
1 . 42 2. 67 2 . 33 l . 3 3  
2. 17  1 . 67 3.67 1 . 67 
l .  1 3  3 . 25 2 . 75 1 . 00 
2 . 50 4 . 00 3.00 l. 00 
l . 25 3.00 2.00 l . 00 
2 . 42 3.67 2. 00 l . 67 
l . 5 0  2 . 00 3 . 50 1 .  5 0  
1 .  7 5  4 . 00  4 . 00 1 .  00 
1 . 00 2.00 2 . 33 1 . 33  
2. 1 3  2.83 3 . 00 1 .  1 7  
3 . 63 3. 00 3. 50 1 . 00 
2. 33 2 . 70 3 . 20 2. l 0 
2 . 55 3.00 2 . 60 1 .8 0  
l .  50 1.67  2 . 33 1 .33 
1 . 00 1 .  00 2 . 00 1 . 00 
2 .  92 3.67 3. 33 2 . 00 
1 .  7 1  2 . 50 3 .  17  2. 00 
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A.?DP'n IX C 
!\-.15() r�n t c.J r 
• 
• 
!) i sconf or t 
(Su�jective Symptnns) 
• 
•• 
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; 1 j L APPEND IX D 
' i ' Means of B linx ['l I :I I 
11 �- Su bjec t i ve Symptoms Redness 1' 
�I - Discomfor t Relief Red ness Before  Redness After 
1 .  1. 25 4. 00 2 . 50 1 . 00 
2 .  1 . 41 3 . 66 2 . 33 1 . 00 
3 .  2 . 36 2. 00 2.30 1 .  7 1  
4 .  l . 63 3 . 25 1 . 2 5  1 . 00 
5 .  l. 56 2 . 40 2 . 00 1.25  
6 .  l .  75  1.50 2 . 00 1 . 00 
7 .  2.50 l.33  2.67 1 . 67 
8 .  2 . 70 3.00 2.20 1 . 40 
9 .  2 . 46 1 . 50  1 . 50 1 .  17 
1 0. l .  75  3 . 00 2 . 33 1 . 00 
1 1 . 1 . 25 4.00 2.00 2. 00 
1 2 .  1 .  1 7  3.00 2.00 l .  33 
13 . 2 . 38 3. 50 2 . 50 l . 50 
1 4. l .  75 2 . 00 2 . 50 1.00 
15 . 0 0 0 0 
16 . l . 33 2. 67 2 . 67 2 . 00 
17 . 1 . 50 4,00 2 . 00 1 . 00 
18 . 
I - 1 9 .  l . 6 9  2 . 25 2 . 75  1 .  7 5  
I 2 0 .  2 . 55 2 .80  3.00 1 . 00 
2 1.  1 .  92  2 . 67 2.67 2 . 00 
22 . 2 . 35 2 .80 2 . 60  1 . 8 0  
23 . l . 30 2 .80  l . 40  1.20 
24 . 1 . 00 l.00 4 . 00 3 . 00 
25 . 2. 92 4 . 00 3.00 2 . 00 
26 . l. 50 3 . 00 2 . 00 1 .  00 
27 . 1 .  06 1.  7 5  1 .  75  1.25  
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1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
10 . 
1 1 .  
1 2 .  
1 3 .  
14 . 
15 . 
1 6 .  
1 7 .  
1 8 .  
19 . 
20 . 
21 . 
2 2 . 
23 . 
24 . 
2 5 .  
26 . 
27 . 
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APP ENDIX F 
Mean s  of Control  
Subj ect i ve Symptoms 
Di scomfo rt Rel i ef 
l .00 l.00 
l .00 l .00 
2 . 20 1 .00 
2 .4 2  l .  0 
1 . 86 l .  0 
l .  5 l .  0 
1 .4 2  1 .0 
2 .  1 7  1 .0 
2 . 75 1 .0 
l .  13  1 . 5 
l . 88 2 . 5  
l .  0 l . 67  
l. 5 2.0 
l .  0 1 .0 
2.9 2 3 . 33 
1 . 38 1 .00 
2 .0 l .  0 
l . 25 1 .0 
1 . 63 1 . 5 
2 . 33 2 .0 
2.0 2 .0 
1 . 58 1 . 33 
1 .  38 l . 50 
2 .0 1 .0 
l .  75 l .  0 
l .  1 5  1 . 2 
Redness  
Redness  B efore Redness  Af ter 
2 . 00 l .00 
l . 50 1 .00 
2.8 1 .0 
2 .0 1 .0 
3 .0 l. 0 
l .  0 l .  0 
1 . 5 1 .0 
2 .0 1 .0 
l . 67  l . O 
2 .0 1 .0 
4 .0 2 .0 
l . 83 l .  1 7  
3 .0 2 .0 
2 .0 1 .0 
2 . 3 3  1 . 67  
4 .0 2 .0 
2 .0 1. 0 
1 .0 1 .0 
1 . 5 1 .0 
3 . 67 l .  0 
2 .0 l . O 
1 . 67 l .  0 
1.0 1 .0 
2 .0 l . O 
3 .0 2 .0 
l.80 1 .0 
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AP PENDI X  H 
Means  of L acr i - Lu be 
Subjective  Symptoms Red ness  
D i scomfort Rel i ef Redness Before Redness  After 
1 .  
2 .  1 . 50 4 . 00 3 . 00 1 . 00 
3 .  1 . 00 1 .  00 2 . 00 1 . 00 
4 .  
5 .  l .  50 4 . 00 2 . 00 1 . 00 
6 .  1.50 1 .  50  2 . 00 1 . 00  
7 .  
8 .  3. 38 2 . 50 2 . 50 1 . 50 
9 .  2 . 88 2 . 25 2 . 00 1 . 50 
1 0 .  1 .  00 2 . 00 3 . 50 1 . 00 
1 1 .  2 . 88 1 . 75  3 . 50 2 . 50 
1 2 .  1 .  25  2 . 60 2 .4 0  1 . 20 
1 3 .  2 . 50 4 . 00 3 . 00 1 .  00 
14 . l . 00 2 . 00 2 . 00 1 . 00 
1 5 .  3 . 50 3 . 00 3 . 00 2 . 00 
1 6 .  1 . 50 2 . 00 4 . 00 1 . 00 
1 7 .  2 . 25 4 . 00  3 . 00 1 . 00 
1 8 .  
19 . 2 . 25 2 . 50 3 . 50 1 . 00 
2 0 .  2 . 63 3 . 00 3 . 33 1 . 00 
21 . 2 . 25 3 . 00 3 . 00 1 . 00 
22 . 2 . 00 2 . 00 2 . 25 1 . 50 
23 . 1 . 50 2 . 00 1 . 00 1 . 00 
24 . 
25 . 2 . 38 3 . 50 2 . 00 1 . 00 
26 . l . 38 2 . 50 3 . 00 1 . 00 
27 . 1 .  2 1  1 . 3 3  2 . 67 1 . 33 
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APPEND I X  J 
Means of Prefr i n 
Subjec t i ve Symptoms Redness 
D i scomfort Rel i ef Redness Before Redness After 
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  1 .00 l . 00 2 . 00 2 .00 
7 .  1 . 67 2 .00 2 . 33 2 . 33 
8 .  2.81 3 . 50 2 . 75 3 . 25 
9 .  2 . 75 1 .00 2 . 33 2 . 33 
10 . 1 .  75  3 .00 3 . 00 3 . 00 
11 . 2 .  1 7  3 . 33 2 . 67 2 . 67 
1 2 .  1 .00 3 . 4 0  2 .40 1 . 20 
1 3 .  2 . 63 4 .00  3 . 50 1 . 50 
14 . 1 . 50 3.00 2 .00 2 .00 
15 . 3 . 25 2 .00 2 .00 2 .00 
1 6 . 1 .  50 3.00 2 . 50 2 . 50 
17 . 1 . 1 3  4 .00 2 . 50 l .00  
18 .  
19 . l .  25  2 . 25 2 . 25 2 .0 0  
20 .  2 . 38 l . 50 3 .00 l .00 
21 . 1 . 50 2 . 67 2 . 67 2 . 67  
22 . 1 . 88 1 .  75  2 . 50 2 . 50 
23 . 1 .  9 2  3 . 00 1 . 67  1 . 33 
24 . 
25 . 1 . 67 2 . 00 2 . 67 1 . 67  
26 . 2 .00 3 . 5  3 .0 3 .0 
27 . 1 .00 1 .00 2 .0 2 .0 
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APPENDIX L 
Means  of  Sa l i ne 
Su bjec t i ve Symptoms Red nes s 
Di scomfort Rel i ef Redness Before Redness  After 
1 .  
2 .  1 .  00 l . 00 2 . 00 2 . 00 
3 .  2 . 00 4 . 00 2 . 00 l.00 
4 .  1 . 25  4 . 00 l . 00 1.00 
5 .  2 . 00 4 . 00 l . 00 l .  00 
6. 1 . 63 2 . 00 2 . 00 1.00 
7. 1 .  1 7  3. 00 2.00 l.33 
8 .  1 . 81 4. 00 2 . 50 l .  50 
9 .  2 . 88 1 . 25  1 .  50  l.25 
1 0 . 1 . 50 2. 33  3 . 00 l . 33 
1 1 .  2 . 25 2. 50 3 . 00 l . 50  
1 2. l .  00 3 . 00 1 . 67 1 . 00 
1 3 .  2. 75 4 . 00 3 . 00 l.00 
1 4 .  1 . 00 2. 00 2. 00 1.00 
1 5 .  2 . 50 3. 50 1. 50  1.00 
1 6 .  l .  75 2 . 00 4 . 00 1 . 00 
1 7 .  l . 25 2. 00 2 . 00 1 . 00 
1 8 .  
1 9 . 2. 06 1 .  75 2 . 25 1.00  
20. 1 . 1 3 l .  00 2.00 l . 00 
2 1 . l . 38 3 . 00 2 . 50 1.50 
2 2 .  1 .  56 1. 7 5  1 .  75  l . 25 
23 . 1 .  50 2 . 67 1 . 33  1 . 00 
24. 
25. 1 . 33  3 . 00 2 . 33 1.00 
26 . -
27. 1.00 1 . 00 1.75  1 . 25 
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APPENDIX N 
Mean Di ffer ence Sc ores  of Redness  
Subj ec t  A B c L p s 
1 . + l . 75  +l . 5 0 +l . 00 
2 .  +l . 00 +l . 33 +0 . 50 +2 . 00 0 . 00 
3 .  + 1 .  33  +0 . 59 +l . 80 +l . 00 +l . 00 
4 .  +0 . 33 +0 . 25 +l . 00 0 . 00 
5 .  +0 . 83 +0 . 25 +2 . 00 +l . 00 0 . 00 
6 .  +0 . 66 +l . 00 0 . 00 +1 . 00 0 . 00 +l . 00 
7 .  +0 . 50 +l . 00 +0. 50 0 . 00 +0 . 67 
8 .  + 1 .  2 5  +0. 80  +l . 00 +1 . 00 -0 . 50 +l . 00 
9 .  +0 . 1 7  +0 . 33 +0 . 67 +0 . 50 0 . 00 +0 . 25 
1 0 . +l . 00 +l . 33 +l . 00 +2 . 50 0 . 00 +1 . 67 
1 1 .  +2 . 00 0 . 00 +2 . 00 +l . 00 0 . 00 + 1 . 50 
1 2 . +l . 75 +0 . 67 +0 . 66 +1 . 20 +l . 20 +0 . 67 
1 3 .  +2 . 00 +l . 00 +l . 00 +2 . 00 +2 . 00 +2 . 00 
1 4 .  +l . 00 +l . 50 +l . 00 +1 . 00 0 . 00 +l . 00 
1 5 .  +0 . 33 0 . 00 +0 . 66 +1 . 00 0 . 00 +0 . 50 
1 6 .  +2 . 00 +0 . 67 +2 . 00 +3 . 00 0 . 00 +3 . 00 
1 7 .  +3 . 00 +l . 00 +1 . 00 +2 . 00 +1 . 50 +l . 00 
1 8 .  + l  . 00 0 . 00 
1 9 . +1 . 83 +1 . 00 +0 . 50 +2 . 50 +0 . 25 +1 . 25 
20 . +2 . 50 +2 . 00 +2 . 67 +2 . 33 +2 . 00 +1 . 00 
2 1 . + 1 .  l 0 +0 . 67 +l . 00 +2 . 00 0 . 00 +l . 00 
22 . +0 . 80 +0 . 80 +0 . 67 +0 . 75 0 . 00 +0 . 50 
23 . + l . 00 +0 . 20 0 . 00 0 . 00 +0 . 34 +0 . 33 
24 . +l . 00 +l . 00 
25 . +l . 33 +l . 00 +l . 00 +1 . 00 +l . 00 +l . 33 
26 . +l . 00 +1 . 00 +2 . 00 0 . 00 
27 . + l .  1 7  +0 . 50 +0 . 80 +1 . 34 0 . 00 +0 . 50 x +1 . 255 +0. 842 +0 . 978 +l . 397 +0 . 390 +0 . 920 
S D  +0 . 6845 +0 . 4736  +0 . 653  +0 . 801 +0 . 729  +0 . 6 98 
1 1_ !; -34 -;I f l - APPENDIX  0 :i r Mean Di fferenc e Scores of Subj ecti ve  Symptoms i, L t1 <' fi 
!! L S u bj ect A 8 c L p s ·l II � 1 .  - 1 . 25 - 2 . 75 0 . 00 � . 2 .  - 0 . 33  - 2 . 25 0 . 00 - 2 . 50 0 . 00 
H L 3 .  +l . 25 - 0 . 36 + l . 20 0 . 00 - 2 . 00 H 4 .  - 1 . 50 -0 . 67 +1 . 4 2  - 2 . 75  l. 5 .  - 1  . 1 5  -0 . 84 +l . 86 -2 . 50 - 2 . 00 tj !J 6 .  -0 . 42 +0 . 25 +0 . 50 0 . 00 0 . 00 -0 . 37 � � 7 .  - 1 . 25 +l . 1 7  -0 . 4 2 -0 . 33 - 1 . 83 R . 8 .  +0 . 28 -0 . 30  +l . 1 7  +0 . 88 -0 . 69  -2  . 1 9  9 .  +0 . 97 +0 . 96 +l . 75  +0 . 63 +l . 75 +l . 63 l' l I 1 0 .  - 1 . 25 - 1 : 25 - 0 . 37  - 1  . 00 - 1 . 25 - 0 . 83 r - 1 1 . +0 . 5 0 -2 . 75 - 0 . 62  + l .  1 3  - 1  . 1 6  -0 . 25 l 1 2 . - 2 . 1 2  - 1 . 83 - 0 . 67  - 1 . 35 -2 . 40 -2 . 00 ;, L . ,  1 3 .  - 1 . 50 - 1 . 1 2  - 0 . 50 - 1 . 50 - l . 37 -1 . 25 ! i  1 4 . - 1 . 75 -0 . 25 0 . 00 - 1 . 00 - 1 . 50 - 1 . 00 I I  1 5 .  - 1 . 25 0 . 00 -0 . 4 1  +0 . 50 +0 . 75 - 1 . 00 ii L 1 6 .  -0 . 50 - 1 . 34 +0 . 38 -0 . 50 - 1 . 50 - 0 . 25  1 7 .  -2 . 25 - 2 . 50 + l . 00 - 1 . 7 5  - 2 .87 -0 . 7 5  
, ,  1 8 .  - 1 . 00 +0 . 25 
: �  L 1 9 .  -0 . 70 -0 . 56 +0 . 1 3  -0 . 25 - 1 . 00 +0 . 3 1 20 . +0 . 63 - 0 . 25 +0 . 33 -0 . 37 +0 . 88 +0 . 1 3  : 1  21 . -0 . 37  - 0 . 75 0 . 00 -0 . 75 - 1 . 1 7 - 1 . 62 , ,  
' •  22 . -0 . 45 -0 . 4 5 +0 . 25 0 . 00 +0 . 1 3 -0 . 1 9  ' L  ; J  2 3 .  - 0 . 1 7  - l . 50 - 0 . 1 2  -0 . 50 - 1 . 08 - 1 . 1 7  :! 1 24 . 0 . 00 0 . 00 ; 
; 25 . - 0 . 25 -1 . 08 +l . 00 - 1 . 1 2  - 0 . 33 - 1 . 67 i 26 . - 1 . 50 +0 . 75 - 1 . 1 2  - 1 . 50 , , I . L  27 . -0 . 79 - 0 . 69 -0 . 50  - 0 . 1 2  0 . 00 0 . 00 
x -0 . 658 -0 . 878 +0 . 37 2  -0 . 600 -0 . 732 -0 . 91 5  
SD +0 . 900 +l . 050  +O. 7 08 +0 . 981 +l . 1 1 1  +l . 025 
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APPEND I X P 
Ana l ys i s  of Var i a nc e  for Redness 
( Ad sor botear , B l i nx ,  Control , lacr i - Lube , P refri n ,  Sa l i ne )  
= 
( 1 1 9 . 91) 2 
5(22) 
= 522.85 
2 .  2 z x2 = 1 84 . 41 
3 .  :I: T 2 
= 
2984 . 7 6 
n 2 2  
4 .  I: P2 
= 782 . 7 2  
5 .  
6 .  
7 .  
k 5 
W i thi n Persons : 
T reatments : 
Res i dual : 
MStr eatments  
MSres i dua l  
= 33 . 92 
l.86 
= 2 . 49 
= 
= 
= 1 35 .  67 
= 1 56 . 54 
1 84 .  41 - 1 56 . 54 = 27 . 87 
1 35 . 67 - 522.85 = -387 . 1 8  
1 84 .  41 1 35 . 67 - 1 56 . 54 + 5 2 2.85 = 41 5 . 05 
1 35 . 67 = 33 . 92 4 
1 56 . 54 = 1 . 86 84 
= 1 8 .  23 
! 
� 
i t 
L 
1 .  G2 
kn 
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APP ENDI X Q 
Ana l ys i s of Va r i ance for S u bj ec t i ve Symptoms 
( Absorbotear ,  Bl i nx ,  Lacri - Lube , Prefr i n ,  Sa l i n e )  
2 ( 59 . 65 )  = 39 53  s(l 8) · 
2 .:L�x2 = 21  . 63 + 27 . 94 + 1 4 . 36 + 3 1 . 82 + 23 . 46 = 1 1 9 . 2 1  
3 .  � T2 = -
n 
4 .  :E P2 = -k-
1 1 . 392 + 1 5 . 41 2 + 7 . 072 + 1 2 . 8 1 2 + 1 2 . 472 
1 8  
736 . 7 8 = = 40 . 93 1 8  
2 2 2 2 2 2 ( . 54 )  2+ ( 2 . 02 ) 2 + ( 5 . 94� + ( 5 . 58� + ( 2 . 53 ) 2 + ( 9 . 7 ) 2 + ( 6 . 94 ) 2 + ( 5 . 5 )  2+ ( 1 . 5 ) 2+ ( 4 . 09 )  2+ ( 1 0 . 1 2 ) 2 + ( 2 . 2 ) 2+ ( 1 . 02 )  + ( 4 . 66)  + ( . 96) + ( 4 . 42 )  + (4 . 4 5 )  + ( 1 . 6 )  
= 438 . 77 = 
5 87 . 75 
5 
5 .  W i th i n persons = 1 1 9 . 2 1  - 87 . 7 5  = 3 1 . 46 
40 . 93 - 3 9 . 53 = 1 . 4 
6 .  
7 .  
Treatments = 
Res idua l  = 
MS treatments  
= 
MS ' d l 
= 
res1  ua 
Fobs . 35 
= 
. 442  
F = 2 . 53 . 95 
1 1 9 . 21 - 40 . 93 - 87 . 75 + 39 . 53 = 30 . 06 
1 . 4 = . 35 
4 
30 . 06 = . 44 2  
6 8  
= . 7 92 
I ,, 
,1 
� ' 
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APPEND I X  R 
Stat i st i cs on Redness 
Que st i on 1 :  
I s  Prefri n d i fferent from the control ? Yes 
l. mean  d i fference score of control 
mean d i fference score of  Prefr i n 
2 .  d 1 / n = a 
3 .  t = a - o 
DS/ n 
4 .  T- test , t = 3 . 1 6  
5 .  T . 05 = 1 . 7 2 9  
Quest i on 2 :  
Are the other agent s  d i fferent  from t he control ? Yes 
Ana l ys i s  of vari ance , F = 1 8 . 25 
F . 95 = 2 . 49 
Questi on 3 :  
Wh i ch agent or  agents d i ffer s i gni f icant l y  from t he contro l ? Lacr i - Lube 
d i ffered s i gn i fi cant l y  by i nc rea s i ng the red nes s .  
1. Ad sorbotear : T test , t = 0 . 082 
t . 05 = 1 .  7 1 1 
2 .  B l i nx :  T tes t ,  T = 1 . 323  
t . 05 
= 1 . 7 1 1 
3 .  Lacr i - Lu be : T test , t = 2 . 20 
t . 05 
= 1 .  7 1 7  
4 .  Sa l i ne : T test , t = 0 . 607 
t . 05 = 1 .  7 1 7  
Quest i on  
Are 
Ques ti on 
Are 
1 : 
the a g ent 
Ana l ys i s  
F . 95 
= 
2 :  
t he agent 
= 
1 .  X S  
2 .  d 1 / n  
3 .  t = 
-38-
APPENDI X S 
Stat i st i cs on Subj ect i ve Symptoms 
cond i ti ons d i fferent from each other?  No 
of  vari ance , F = 0 . 792 
2 . 53 
cond i t i ons 
-
dl X C  = 
= a 
a - 0 
sd/ n 
d i fferent from the cont ro l ? Yes 
-
x s 
= mean of t he 1 1mean d i fference score s 1 1 
w/ i subj ects of Ad sorbotear ,  B l i nx ,  
Lacri - Lu be , Prefr i n  & S a l i ne 
4 .  T tes t ,  T = 4 . 80 
5 .  t = 1 . 734 . 05 
Di scomfort at I ns t i l l at i on 
Quest i on 1 :  
I s  t he d i scomfort a t  i nst i l l at i on of  Prefr i n  d i fferent from Adsorbotear ,  
B l i nx ,  and  sal i ne?  Yes  
1 .  x - p = d 1 a , b , s  
2 .  ct 1 /n  = a 
3 .  t = a - o 
sd/ n 
4 .  T test , T = 4 . 37 
5 .  t . 05 
= 1 . 734 
-x a , b , s = mean  d i scomfort of Ad sorbotear , Bl i nx ,  and sal i ne 
- = mean d i scomfort of  Prefr i n p 
I I 
L 
L 
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